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(54) High speed and low parasitic capacitance bipolar transistor and method for fabricating it 



(57) A method for fabricating a semiconductor 
device including a bipolar transistor formed by epitaxial 
growth or ion implantation is provided. The bipolar tran- 
sistor has an epitaxial silicon collector layer, a base 
region directly under an emitter defined as an intrinsic 
base and a peripheral region thereof defined as an 
outer base region. The method comprises the step of 
implanting ions into the collector layer to form a high 
concentration collector region at a location close to a 
buried region with using a photoresist used to form an 
aperture. The method further comprises the step of 
implanting ions into the collector layer to form a high 
concentration collector region directly beneath the base 
region after forming the base region. 
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1 EPO 

Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001 ] The present invention relates to a semiconduc- 
tor device, and more particularly to a high speed and 
low parasitic capacitance semiconductor device includ- 
ing a vertical transistor and a heterojunction bipolar 
transistor, and a method for fabricating such the device. 

2. Description of the Related Art 

[0002] A high speed bipolar transistor may be realized 
by increasing cut-off frequency f T as well as reducing 
the parasitic capacitance and parasitic resistance. A 
typical parasitic capacitance includes collector-base 
capacitance C C b- A pn junction capacitance per unit 
junction area may be determined almost with a rela- 
tively lower one between impurity concentrations in p- 
type and n-type regions. Thus, capacitance C C b can be 
determined in accordance with a design for the collector 
concentration. When focusing attention only on the par- 
asitic capacitance, therefore, it is desirable to reduce 
the collector concentration as low as possible. 
[0003] On the other hand, however, the collector capa- 
ble of improving cut-off frequency f T may have a rela- 
tively higher concentration to prevent the electric field 
from decreasing inside the depletion layer between the 
collector and base at high current operation. Thus, the 
contrary requests must be satisfied at the same time. 
[0004] Any conventional technology has not 
responded such the requests and still includes the fol- 
lowing disadvantages. A base region on which an emit- 
ter is formed directly is hereinafter referred to as an 
intrinsic base and a peripheral region thereof is called 
an outer base region. 

[0005] Fig. 24 is a vertical cross sectional view show- 
ing a semiconductor device according to a first related 
art. The device includes p type silicon substrate 1, n + 
buried layer 2a, adjacent p + buried layer 2b, epitaxial sil- 
icon collector layer 3, silicon oxide 4 formed by LOCOS 
(local oxidation of silicon) and collector lead-out region 
5. The device also includes silicon oxide 6, polysilicon 
base electrode 7, silicon oxide 8, outer base region 10, 
intrinsic base 1 1, second collector region 12, polysilicon 
emitter electrode 13 and single crystalline emitter 
region 14. The device further includes silicon oxide 15, 
aluminum alloy emitter electrode 16a, aluminum alloy 
base electrode 16b. aluminum alloy collector electrode 
16c, first aperture 101, second aperture 102 and third 
aperture 103. 

[0006] A vertical bipolar transistor is fabricated with 
emitter 14, intrinsic base 1 1 and second collector 12, in 
the above semiconductor device, which are lead out 
through the electrodes isolated by silicon oxides 6, 8 
and 15. 
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[0007] Second collector 12 located directly beneath 
outer base 10 has a high collector concentration equal 
to that of the region directly beneath intrinsic base 1 1 in 
this semiconductor device. Whereas the high speed 

5 may be achieved to a certain extent therefore, the col- 
lector-base capacitance intends to increasa 
[0008] Fig. 25 is a vertical cross sectional view show- 
ing another semiconductor device according to the first 
related art. Description for the same portions as those in 

io Fig. 24 may be omitted in Fig. 25 with aiying the same 
reference numerals. Note that a feature of collector 12 
greatly differs from that in Fig. 24. 
[0009] The collector concentration directly beneath 
outer base 10 in the semiconductor device is controlled 

is lower than that of the region cfirectiy beneath intrinsic 
base 11. However, low concentration collector region 3 
is interposed between high concentration collector 
region 12 directly beneath intrinsic base 1 1 and n + bur- 
ied layer 2a. Therefore, cut-off frequency f T may 

20 decrease even if the collector-base capacitance is 
small. 

[001 0] Fig. 26 is a vertical cross sectional view show- 
ing a semiconductor device according to a second 
related art. The device includes p type silicon substrate 

25 1, n + buried layer 2a f adjacent p+ buried layer 2b, epi- 
taxial silicon collector layer 3, LOCOS silicon oxide 4 
and collector lead-out region 5. The device also 
includes silicon oxide 6, polysilicon base electrode 7, 
sificon oxide 8, outer base 10, intrinsic base 1 1 , second 

30 collector region 1 2, polysilicon emitter electrode 1 3 and 
single crystalline emitter region 14. The device further 
includes silicon oxide 15, aluminum alloy emitter elec- 
trode 16a. aluminum alloy base electrode 16b and alu- 
minum alloy collector electrode 16c. 

35 [001 1 ] A vertical bipolar transistor is fabricated with 
emitter 14, intrinsic base 1 1 and second collector 12, in 
the above semiconductor device, which are lead out 
frrough the electrodes isolated by silicon oxides 6. 8 
and 15. 

40 [0012] In this structure, single crystalline base 1 1 is 
epitaxially grown whole over Si collector region 12. 
Whereas there is no region called outer base 10, a por- 
tion directly beneath the emitter may be considered as 
the intrinsic base. Thus, the collector located direct 

45 beneath a peripheral base region of the intrinsic base 
may also have a high concentration. 
[001 3] Fig. 27 is a vertical cross sectional view show- 
ing a semiconductor device according to a third related 
art The device includes p-silicon substrate 1, n + buried 

50 layer 2a, adjacent p + buried layer 2b, epitaxial sificon 
collector layer 3. LOCOS silicon oxide 4 and collector 
lead-out region 5. The device also includes a sificon 
oxide 6, polysilicon base electrode 7, silicon oxide 8, 
intrinsic base 1 1 . single crystalline Si intrinsic base layer 

55 21, polycrystalline Si layer 22, single crystalline emitter 
region 24 and silicon oxide 25. The device further 
includes second collector region 12, polysilicon emitter 
electrode 13. silicon oxide 15, aluminum alloy emitter 
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electrode 16a, aluminum alloy base electrode 16b and 
aluminum alloy collector electrode 16c. The device also 
includes aperture 201 for making silicon oxide 6 contact 
with single crystalline Si intrinsic base layer 21 and poly- 
crystalline Si layer 22, and aperture 202 for making 
polysilicon emitter electrode 13 and single crystalline 
emitter region 23 contact with intrinsic base 21 and 
polycrystalline Si layer 41. 

[0014] Whereas aperture 202 must be formed by 
aligning with previously formed aperture 201 in the first 
and second related arts, the aperture may only be 
formed once according to the third related art, whereby 
miniaturization of the transistor may be achieved. 
[0015] The abovedescrfoed related arts, however, 
can not realize both the tow collector concentration for 
reducing the parasitic capacitance and the high collec- 
tor concentration for improving the cut-off frequency f T 
simultaneously. 

SUMMARY OF THE INVENTION 

[001 6] An object of the present invention is to provide 
a semiconductor device capable of satisfying the con- 
trary requests to achieve both the low collector concen- 
tration for reducing the parasitic capacitance and the 
high collector concentration for improving cut-off fre- 
quency f T simultaneously. 

[0017] The present invention is provided with a 
method for fabricating a semiconductor device compris- 
ing the steps of: forming a silicon material having a high 
concentration buried layer and a low concentration sur- 
face region; forming a single layer or multi-layered film 
on the surface of the silicon material; opening an aper- 
ture in the film by means of photolithography and dry 
etch; implanting phosphorous ions into the silicon mate- 
rial to form a first collector region adjacent to the buried 
layer before removing the photoresist; implanting boron 
ions into the surface of the silicon material to form an 
intrinsic base; implanting phosphorous ions selectively 
into the silicon material to form a second collector 
region between the intrinsic base and the first collector 
region with using the film used to form the aperture as 
the mask; and disposing a polysilicon emitter electrode 
for diffusing the dopant from the polysilicon emitter elec- 
trode into the intrinsic base region to form a single crys- 
talline emitter region. 

[0018] The present invention is also provided with a 
method for fabricating a semiconductor device including 
a bipolar transistor having a base formed by epitaxial 
growth or ion implantation, wherein the bipolar transis- 
tor has an epitaxial sificon collector layer, a base region 
directly under an emitter defined as an intrinsic base 
and a peripheral region thereof defined as an outer 
base region, the method comprising the steps of: 
implanting ions into the collector layer to form a high 
concentration collector region at a location close to a 
buried region with using a photoresist used to form an 
aperture; forming the base region; and implanting ions 



into the collector layer to form a high concentration col- 
lector region directly beneath the base region. 
[001 9] The present invention is further provided with a 
method for fabricating a semiconductor device compris- 

5 ing the steps of: forming a silicon material having a high 
concentration buried layer and a low concentration sur- 
face region; forming a first insulating film, a polysilicon 
base electrode and a photoresist on the silicon material ; 
patterning the photoresist; opening an aperture in the 

w polysilicon base electrode and the insulating film by ani- 
sotropic dry etching; implanting phosphorous ions to 
form a first collector region adjacent to the buried layer; 
growing a boron doped silicon by non-selective epitaxial 
growth; forming a single crystalline intrinsic base on the 

15 silicon material; forming a polycrystalline silicon on a 
region other than the intrinsic base; covering the sur- 
face with a second insulating film; patterning a photore- 
sist and performing anisotropic dry etching to open an 
aperture on the intrinsic base; and implanting phospho- 

20 rous ions to form a second collector region on the first 
collector region. 

[0020] The present invention is also provided with a 
method for fabricating a semiconductor device compris- 
ing the steps of: forming a silicon material having a high 

25 concentration buried layer and a low concentration sur- 
face region; forming a first insulating film on the silicon 
material; depositing a polysilicon base electrode; 
removing the undesired polysilicon by photolithography 
and anisotropic dry etching; covering the whole surface 

30 with a second insulating film having a different sub- 
stance from that of the first insulating film; opening an 
aperture in the second insulating film and the polysilicon 
base electrode; implanting phosphorous ions to form a 
first collector region; forming a third insulating film hav- 

35 ing the same substance as that of the second insulating 
film; etching back the third insulating film by a thickness 
deposited just before to expose the first insulating film; 
etching the first insulating film in the lateral direction to 
expose the silicon material and a lower surface of the 

40 polysilicon base electrode; forming an intrinsic base and 
a polycrystalline outer base for connecting the intrinsic 
base with the polysilicon base electrode by selective 
crystal growth; and implanting phosphorous ions to form 
a second collector region. 

45 [0021] The present invention is provided with a semi- 
corxfcjctor device fabricated by any one of the methods 
described above. 

[0022] In the semiconductor device according to the 
present invention, a base region on which an emitter is 

so formed directly is referred to as an intrinsic base and a 
peripheral region thereof is called an outer base region. 
An effective thickness of a collector region in the bipolar 
transistor that is formed by an epitaxial growth, ion 
implantation and the like is defined as Wc which means 

55 a Distance between the intrinsic base and buried layer 
2a A thickness of the intrinsic base is defined as WB. A 
total thickness originated from the junction interface 
between the outer base and the collector region through 
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various films disposed thereon to a lower surface of the 
polysilicon emitter is defined as t The t is expressed in 
Fig. 1 as a total thickness including the depth of outer 
base 10, the film thickness of potysflicon base electrode 
7 and the film thickness of silicon oxide 8. This is a tran- 
sistor structure defined by t < WB + Wc. 
[0023] The device may be produced by implanting 
ions into the epitaxial collector layer to form a high con- 
centration collector region at a location close to a buried 
region with using a photoresist used to form an aper- 
ture, and then implanting ions into the collector layer to 
form a high concentration collector region directly 
beneath the base region after forming the base region. 
Thus performing twice ion implantations may realize the 
improvement of cut-off frequency f T and the reduction of 
base-collector capacitance at the same time. 
[0024] With respect to the heterqjunction bipolar tran- 
sistor in which the collector region consists of Si and the 
intrinsic base consists of an SKae alloy, a boron-con- 
taining region may be formed at an interface between 
SiGe/Si collector in accordance with a pretreatment 
before SiGe/Si base growth. In this case, an addition of 
a dopant with an opposite conductivity for compensat- 
ing the boron-containing region may be performed after 
forming the base to prevent an energy barrier from gen- 
erating in the heterointerface. 
[0025] Other features and advantages of the invention 
will be apparent from the following description of the 
preferred embodiments. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0026] The present invention will be more fully under- 
stood from the following detailed description taken in 
conjunction with the accompanying drawings in which: 

Fig. 1 is a vertical cross sectional view showing a 
semiconductor device according to a first embodi- 
ment of the present invention; 
Figs. 2A, 2B, 3A, 3B, 4A, 4B> 5A, 5B and 6 are ver- 
tical cross sectional views showing a method for 
manufacturing the semiconductor device according 
to the first embodiment of the present invention; 
Fig. 7 shows an impurity profite in the semiconduc- 
tor device according to the present invention; 
Fig. 8 shows an impurity profite in the semiconduc- 
tor device according to the related art; 
Fig. 9 is a vertical cross sectional view showing a 
semiconductor device according to a second 
embodiment of the present invention; 
Figs. 10, 11, 12, 13A, 13ft 14 and 15 are vertical 
cross sectional views showing a method for manu- 
facturing the semiconductor device according to the 
second embodiment of the present invention; 
Fig. 16 is a vertical cross sectional view showing a 
semiconductor device accordrig to a third embodi- 
ment of the present invention; 
Figs. 17A, 17B, 18A, 18B, 19A. 19B. 20A. 20B, 21 A 
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and 21 B are vertical cross sectional views showing 
a method for manufacturing the semiconductor 
device according to the third embodiment of the 
present invention; 

Fig. 22 shows an impurity profile in the semicon- 
ductor device according to the present invention; 
Fig. 23 shows an impurity profile in the semicon- 
ductor device according to the related art; and 
Figs. 24, 25, 26 and 27 are vertical cross sectional 
views showing different semiconductor devices 
according to the related art 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 



[0027] A semiconductor device and a method for man- 
ufacturing the device according to a first embodiment of 
the present invention will be described below with 
respect to the npn bipolar transistor, which may also be 

20 applied to the pnp bipolar transistor. 

[0028] Fig. 1 is a vertical cross sectional view showing 
the semiconductor device according to the first embodi- 
ment of the present invention. P type silicon substrate 1 
has a crystal orientation of (100) and a resistivity of 10- 

25 20 G-cm. 

[0029] Two buried layers 2a and 2b are formed within 
a surface region having a several jim depth inside sili- 
con substrate 1. N+ buried region 2a is separated from 
p + buried region 2b for the use of channel stopi 

30 [0030] N type epitaxial silicon collector layer 3 is 
formed over the surface of buried layers 2 and the sur- 
face of the silicon substrate in a region where no buried 
layer is present. Buried layers 2 may be slightly 
extended into the epitaxial growth layer due to the auto- 

35 doping and diffusion of the dopant into the growth layer 
during the epitaxial growth. A region having a dopant 
concentration lower than 5 x 10 16 cm" 3 may be deter- 
mined as collector epitaxial silicon layer 3. An effective 
thickness of epitaxial silicon collector layer 3 may be * 

40 defined as about 0.50 \m. 

[0031] LOCOS silicon oxide 4 is formed deeply suffi- 
cient to reach at p + buried layer 2b for isolating epitaxial 
silicon collector layer 3. 

[0032] A part of epitaxial silicon collector layer 3 is 
45 heavily doped to form n + collector lead-out region 5 that 
is connected with n + buried layer 2a. 
[0033] Sfficone oxide 6 is formed over the surfaces of 
epitaxial sfficon collector layer 3. LOGOS silicon oxide 4 
and n + collector lead-out region 5. First aperture 101 for 
so exposing a part of silicon collector layer 3 to form the 
base, and third aperture 1 03 for exposing collector lead- 
out region 5 are opened in silicon oxide 6. 
[0034] P* polysilicon base electrode 7 is formed 
selectively on silicon oxide 6. Polysilicon 7 contacts with 
55 silicon collector layer 3 within first aperture 101 and 
extends inwardly from an edge of first aperture 101. An 
edge of the extended portion of polysilicon base elec- 
trode 7 is referred to as second aperture 102. 



EP0 949 665 A2 



8 



[0035] Polysilicon base electrode 7 is covered with sil- 
icon oxide 8. Within epitaxial silicon collector layer 3 
located directly beneath the base region, a region dose 
to n + buried layer 2a is defined as n type silicon first col- 
lector region 9 that is heavily doped relative to the origi- 
nal impurity concentration of epitaxial silicon collector 
layer 3. 

[0036] Outer base 1 0 is disposed between p + polysil- 
icon base electrode 7 and epitaxial silicon collector layer 

3. 

[0037] Intrinsic base 1 1 is disposed at an upper potion 
of epitaxial silicon collector layer 3 surrounded by outer 
base 10. 

[0038] Within epitaxial silicon collector layer 3 located 
directly beneath the base region, a region between the 
base and n type silicon first collector region 9 is defined 
as n type silicon second collector region 12 that is heav- 
ily doped relative to the original impurity concentration 
of collector epitaxial silicon layer 3. 
[0039] N + polysilicon emitter electrode 13 is provided 
at a region directly on intrinsic base 1 1 . 
[0040] N + single crystalline emitter region 14 is pro- 
vided in intrinsic base region 11, which is formed by 
impurity diffusion from n+ polysilicon emitter electrode 
13. 

[0041 ] Silicon oxide 1 5 may cover these regions. Alu- 
minum alloy emitter electrode 16a, aluminum alloy base 
electrode 16b and aluminum alloy collector electrode 
16c contact with polysilicon emitter electrode 13, poly- 
silicon base electrode 7 and collector lead-out region 5, 
respectively. 

[0042] A method for manufacturing the semiconductor 
device according to the first embodiment will be 
described with reference to the vertical cross sectional 
views in main process steps. 
[0043] Fig. 2A is a vertical cross sectional view just 
after forming polysilicon base electrode 7. P type silicon 
substrate 1 which has a crystal orientation of (100) and 
a resistivity of 20 Q-cm is employed. N + buried layers 2a 
and p + buried region 2b are formed within the surface 
region of silicon substrate 1. 

[0044] A silicon oxide (not depicted in the figure) is 
formed over silicon substrate 1 by a known CDV or ther- 
mal oxidation. The silicon oxide has a thickness of sev- 
eral 100 nm (preferably from 300 nm to 700 nm, for 
example, 500 nm). A photoresist may be patterned on 
the silicon oxide by a normal lithography. The photore- 
sist may be employed as a mask for removing selec- 
tively the silicon oxide at the surface by means of wet 
etching with a HF-based solution. 
[0045] After removing the photoresist with an organic- 
based solution, oxidizing the surface of the silicon sub- 
strate within the aperture of the silicon oxide to form an 
oxide thickness of 20-50 nm subsequently. Then, 
implanting arsenic ions into the sificon substrate selec- 
tively through a thin region of the silicon oxide 
[0046] Such a low acceleration energy Is required for 
the ion implantation as to prevent the implanted ions 



from passing through the silicon oxide mask. The 
dopant was suitably implanted with an energy of 70 keV 
and at a dose of 5 x 10 15 cm' 2 to realize a dopant con- 
centration of about 1 x 10 19 cm* 3 in the buried layer. 
5 Preferable implantation conditions are acceleration 
energy of 50-120 keV and dose of 5 x 10 15 to2x 10 16 
cm" 2 . 

[0047] Then, heating at a temperature ranging from 
1000 °C to 1 150 °C for recovering the damages during 

io the implantation and performing -the activation and 
drive-in diffusion of the implanted arsenic (in this case, 
heated at 1000 °C for 2 hours in a nitrogen ambient). 
Thus, n + buried layer 2a is formed. 
[0048] Thereafter, removing the 500 nm thick silicon 

is oxide completely with the HF solution, growing a silicon 
oxide having a thickness of 100 nm (preferably 50-250 
nm) by oxidation, pattering the photoresist implanting 
boron ions (with 50 keV at 1 x 10 14 cm* 2 ), removing the 
resist, and heating for activation (at 1000 °C for 1 hour 

20 in a nitrogen ambient) may form p + buried layer 2b for 
channel stop. 

[0049] After removing the silicon oxide completely, 
growing n epitaxial silicon collector layer 3 by a usual 
process. A growth temperature is preferably 950- 

25 1 050°C. SiH 4 or SihfcCfe may be employed as a source 
gas and PH 3 as a dopant gas. The layer 3 may prefera- 
bly has a thickness of 0.3-1.3 |im and may contain a 
dopant (phosphorous) of 5 x 10 15 to 5 x 10 16 cm* 3 . In 
this case, a region that has a concentration less than 5 

30 x 10 16 cm" 3 is about 0.5 jim thick 

[0050] Thus, n" epitaxial silicon collector layer 3 is 
grown on buried layers 2. 

[0051 ] Then, LOCOS oxide 4 is formed for device iso- 
lation by growing a thermal oxide (not depicted in the 

35 figure) with a thickness of 20-50 nm over the surface of 
epitaxial layer 3 and further forming a silicon nitride (not 
depicted in the figure) with a thickness of 70-150 nm. 
Thereafter, patterning the photoresist (not depicted in 
the figure) by photolithography and removing tfie silicon 

40 oxide and nitride by dry etching subsequently. 

[0052] Further, etching epitaxial silicon layer 3 to form 
a groove. A depth of the groove (= the depth of silicon to 
be etched) may suitably be about a half the thickness of 
the LOCOS oxide. After removing the photoresist a sil- 

45 icon oxide for isolation or LOCOS oxide 4 is formed in 
the device region by oxidization with protecting the 
region by the silicon nitride. LOCOS oxide 4 has a thick- 
ness of 300-1000 nm enough to reach at channel stop 
buried layer 2b. In this case, approximately 600 nm 

50 thickness was employed. The silicon nitride is removed 
with a heated phosphoric acid. 
[0053] 1ST collector lead-out region 5 is formed to 
reduce the collector resistance by doping phosphorous 
into the region by means of diffusion or ion implantation. 

55 [0054] Namely, formmg a photoresist having an open- 
ing only at collector lead-out region 5 by photolithogra- 
phy, and then implanting phosphorous ions with 
acceleration energy of 100 KeV and at dose of 5 x 1 0 15 
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cm" 2 . After removing the photoresist performing a heat 
treatment for activating the doped phosphorous and 
recovering the damage due to the ion implantation at 
1000 °C for 60 minutes in the nitrogen ambient 
[0055] Thus, silicon material 100 may be prepared. 
The surface of silicon material 100 is covered with sili- 
con oxide 6 having a suitable thickness of 100-300 nm. 
In this case, 200 nm thickness is selected. First aperture 
101 may be formed in silicon oxide 6 by known photoli- 
thography and etching to expose the surface of epitaxial 
silicon collector layer 3. 

[0056] Next, depositing polysilicon 7 with a thickness 
of 150-350 nm. In this case, 250 nm thickness is 
selected. Then, implanting boron ions into polysilicon 7 
with such a low implantation energy as not to pass 
through polysilicon 7 at a dose capable of achieving a 
high dopant concentration of 1 x 10 20 cm" 3 . In this case, 
1 0 KeV and 1 x 10 16 cm* 2 are employed. 
[0057] After patterning photoresist 41, removing 
undesired polysilicon by dry etching to form p + polysili- 
con base electrode 7. 

[0058] Rg. 2B is a vertical cross sectional view at the 
stage just after patterning photolithography 41 to form 
an aperture following the formation of silicon oxide 8 
over polysilicon base electrode 7. 
[0059] Depositing silicon oxide 8 subsequently on the 
device shown in the preceding figure by LPCVD with a 
thickness of about 300 nm (the thickness of the silicon 
oxide is preferably 100-500 nm). 
[0060] Next, opening an aperture in photoresist 41 at 
a location where intrinsic base 1 0 will be formed later by 
the known photolithography 41. Then, removing silicon 
oxide 8 and polysilicon base electrode 7 successively 
by anisotropy dry etching (Rg. 3A). Thus, second aper- 
ture 102 is formed. 

[0061] At this stage, one of important process steps 
according to the present invention, that is, ion implanta- 
tion of phosphorous is performed to form first collector 
region 9. The implantation was performed twice under 
conditions of 300 KeV, 1 x 10 13 cm" 2 and 400 KeV, 2.5 x 
10 13 cm 2 (Rg. 3B). 

[0062] After removing photoresist 41, performing a 
heat treatment at 900 °C for 60 minutes in the nitrogen 
ambient for recovering the damages during the implan- 
tation and performing the activation of phosphorous. 
Boron may be diffused during the heat treatment from 
polysilicon base electrode 7 into epitaxial silicon collec- 
tor layer 3 to form outer base 10 (Rg. 4A). 
[0063] Next, implanting boron ions into epitaxial sili- 
con layer 3 through second aperture 102 to form intrin- 
sic base 1 1 . An ion implantation condition is exemplified 
with acceleration energy of 10 KeV and dose of 5 x 10 13 
cm" 2 

[0064] Further, depositing silicon oxide 8 with a thick- 
ness of 50-300 nm by LPCVD (Rg. 4B). In this case, it 
was 200 nm. 

[0065] The process that has been performed preced- 
ing the stage shown in Rg. 5A will be described next 



Removing silicon oxide 8 disposed at the bottom of 
aperture 102 completely by means of the combination 
of anisotropy etching and HF-based etching to expose a 
part of epitaxial silicon collector layer 3. As the result a 

5 side portion of polysilicon base electrode 7 within the 
aperture may be covered with silicon oxide 8. In the fig- 
ure, silicon oxide 8 is depicted in combination of silicon 
oxide 8 that is previously deposited on polysflicon base 
electrode 7 and silicon oxide 8 that is formed on the 

10 inner wall of the aperture. _ 

[0066] Outer base 1 0 that is formed with boron diffu- 
sion from polysilicon base electrode 7 may extend 
toward inside second aperture 102. Therefore, it is 
required that silicon oxide 8 formed on the side wall of 

is polysilicon base electrode 7 has a thickness larger than 
the extension of outer base 1 0. In this case, it was about 
300 nm. 

[0067] The process that has been performed preced- 
ing the stage shown in Rg. 5B will be described next 
20 Performing ion implantation of phosphorous selectively 
with using silicon oxide 8 and polysilicon base electrode 
7 as masks to form second collector region 12. An ion 
implantation condition is exemplified with 200 KeV and 
4x10 12 cnr 2 . 

25 [0068] The process that has been performed preced- 
ing the stage shown in Rg. 6 will also be described. 
Depositing non-doped polysilicon about 300 nm by 
LPCVD and implanting arsenic ions subsequently 
(acceleration energy: 70 KeV, dose: 1 x 10 16 cm" 2 ). Fur- 

30 ther, patterning the polysilicon by photolithography and 
anisotropy dry etching. Thus, n + polysilicon emitter elec- 
trode 13 is formed. Then, performing heat treatment (at 
1000 °C for 10 seconds, for example) for diffusing 
arsenic from polysilicon emitter electrode 13 into intrin- 

35 sic base 1 1 to form n + single crystalline emitter region 
14. 

[0069] Thereafter, it is covered whole the wafer with 
about 300 nm thick silicon oxide 1 5 subsequently. Then, 
forming an aperture that may reach at polysflicon emit-, 

40 ter electrode 13. polysilicon base electrode 7 and col- 
lector lead-out region 5 by photolithography and 
anisotropy etching. After removing th^ photoresist, 
spattering aluminum alloy and patterning by photoresist 
and dry etching may complete the serraconductor 

45 device shown in Rg. 1 . 

[0070] A relationship between the acceleration energy 
for implanting phosphorous ions and the thickness of 
the photoresist used as the mask will be descrfoed 
below. 

so [0071] 1.0 Jim thick photoresist may intercept 99.99% 
phosphorous ions that are implanted with an accelera- 
tion energy of about 300 KeV. 
[0072] Implanting phosphorous ions into silicon with 
300 KeV may cause the highest concentration in the 

55 phosphorous distrtoution at a depth of about 0.4 juti 
below the surface. 

[0073] If the thickness of the collector region is insuf- 
ficient, the capacitance may not be reduced even when 
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the concentration of the collector region is sufficiently 
low. This is because the depletion layer between the 
base-collector may reach at n + buried layer 3 to prevent 
the depletion layer from extending additionally. There- 
fore, the thickness of epitaxial silicon collector layer 3 is 5 
required to be thicker to a certain extent. 
[0074] Variations of depletion layer W due to applied 
bias V CB and phosphorous concentration Nc in the col- 
lector will be described. 

If Nc = 1 x 10 16 cm" 3 , then W = 0.30 fim (when V CB 
= 0 V), W = 0.43 urn (when V CB = 1 V) and W = 0.61 
\xxr\ (when V CB = 3 V). 

If Nc = 5 x 10 16 cm- 3 , then W = 0.14 jim (when V CB 
= 0 V). W = 0.20 urn (when V CB = 1 V) and W = 0.29 
Urn (when V CB = 3 V). 

If Nc = 1 x 10 17 cm" 3 , then W = 0.10 jim (when V CB 
= 0 V), W = 0.14 jim (when V CB = 1 V) and W = 0.20 
jim (when V CB = 3V). 

If Nc = 2 x 10 17 cm" 3 , then W = 0.07 \im (when V CB 
= 0 V), W = 0.10 urn (when V CB = 1 V) and W = 0.14 
Urn (when V CB = 3 V) 

[0075] Phosphorous ions may be implanted into the 
region directly beneath the intrinsic base down to 0.61 
Urn if not into the region directly beneath the outer base 
even in the case where the depletion layer may extend 
the most in the above combination. 
[0076] In the case where phosphorous ions are 
implanted at 400 KeV as described in the present 
embodiment, the peak of the ion concentration may 
appear at a depth of 0.53 jim below the surface and 
thus the ions may reach at a position sufficiently close to 
the buried layer. 

[0077] About 2500 nm thick polysilicon, about 300 nm 
thick silicon oxide and about 1 jim thick photoresist are 
disposed on the outer base region during the ion 
implantation. 

[0078] Therefore, phosphorous implanted at 400 KeV 
may be intercepted completely with only the photoresist 
and silicon oxide. 

[0079] A second embodiment of the present invention 
will be described with reference to the figures. The 
present embodiment <fiffers in the intrinsic base formed 
by the non-selective epitaxial growth from the first 
embodiment. 

[0080] Fig. 9 is a vertical cross sectional view showing 
a semiconductor device according to the second 
embodiment. Fig. 9 cfiffers from Fig. 1 in that polysilicon 
base electrode 7 is present only on silicon oxide 6 and 
that epitaxial single crystalline Si intrinsic base layer 21 
is disposed on epitaxial silicon collector layer 3 within 
aperture 104. Polycrystalline Si layer 22 may also be 
formed simultaneously when the base is epitaxially 
grown. 

[0081 ] The device shown in Fig. 9 includes p type sil- 
icon substrate 1 . n + buried layer 2a, adjacent p + buried 
layer 2b, epitaxial sificon collector layer 3, LOCOS sili- 



con oxide and collector lead-out region 5. The device 
also includes silicon oxide 6, polysilicon base electrode 
7, silicon oxide 8, first collector region 9, outer base 
region 10. second collector region 12, polysilicon emit- 
ter electrode 1 3 and single crystalline emitter region 1 4. 
The device further includes silicon oxide 15. aluminum 
alloy emitter electrode 16a, aluminum alloy base elec- 
trode 16b and aluminum alloy collector electrode 16c. 
[0082] A method for manufacturing the device accord- 
ing to the present embodiment will be described next. 
[0083] Fig. 10 shows the stage where sificon oxide 6 
and polysilicon base electrode 7 are formed on silicon 
material 1 00 that is formed as the same manner as is in 
the first embodiment. 

[0084] Fig. 1 1 shows the stage where aperture 1 04 is 
opened in silicon oxide 6 and polysilicon base electrode 
7 by patterning of photoresist 41 and anisotropic etch- 
ing. 

[0085] Fig. 12 shows the stage where first collector 
region 9 is formed by implanting phosphorous ions con- 
sequently. 

[0086] Then, growing boron-doped polysilicon by non- 
epctaxiai growth as shown in Fig. 1 3 A. SKBe may also be 
grown here, as is described later in the third embodi- 
ment. Single crystalline Si intrinsic base layer 21 is 
formed on epitaxial silicon collector layer 3 and poly- 
crystalline silicon 22 on other region. Then, removing 
undesired portions of polysilicon base electrode 7 and 
polycrystalline silicon 22. 

[0087] After covering the surface of silicon oxide 8, 
patterning the photoresist and opening an aperture in 
the oxide on intrinsic base 21 by anisotropic dry etching 
as shown in Fig. 13B. 

[0088] Then, performing phosphorous ion implanta- 
tion to form second collector region 12 on first collector 
region 9 as shown in Fig. 14. 
[0089] After forming polysilicon emitter electrode 13, 
forming single crystalline emitter region 14 by heat 
treatment for drive-in diffusion as shown in Rg. 15. 
[0090] Thereafter, it is covered the whole wafer with 
about 300 nm thick silicon oxide 15 subsequently as 
shown in Fig. 9. 

[0091 ] In addition, forming an aperture that may reach 
at polysilicon emitter electrode 13, polysilicon base 
electrode 7 and collector lead-out region 5 by photoli- 
thography and anisotropy etching. After removing the 
photoresist, spattering aluminum alloy and patterning 
by photoresist and dry etch may complete the semicon- 
ductor device shown in Fig. 9. 
[0092] The present embodiment may simplify the 
process because intrinsic base 21 is formed by the non- 
selective epitaxial growth. The device according to this 
embodiment may have a high-speed performance equal 
to that of the first embodiment. 
[0093] The present embodiment may also realize an 
extremely shallow base junction because the base 
region is formed by the epitaxial growth. Extremely high 
cut-off frequency f T may also be realized because of a 
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short distance between the emitter, to where electrons 
are injected, and the collector at where the electrons 
may reach. 

[0094] The present embodiment employs the epitaxial 
growth that enables to grow materials other than Si, for s 
example, a SiGe alloy, and to also fabricate the hetero- 
junction bipolar transistor. 

[0095] A third embodiment of the present invention will 
be described with reference to the figures. The present 
embodiment is characterized in lhat the base consists 10 
of the SiGe alloy. 

[0096] Fig. 1 6 is a vertical cross sectional view show- 
ing a semiconductor device according to the third 
embodiment. P type silicon substrate 1 has a crystal ori- 
entation of (100) and a resistivity of 10-20 Q-cm. Two is 
buried layers 2a and 2b are formed within a surface 
region having a several \un depth inside silicon sub- 
strate 100. N + buried region 2a is separated from p + 
buried region 2b for the use of channel stop. N type epi- 
taxial silicon collector layer 3 is formed over the surface 20 
of buried layers 2 and the surface of silicon substrate 
100 in a region where no buried layer is present Buried 
layers 2 may be slightly extended into the epitaxial 
growth layer due to the autodoping and diffusion of the 
dopant into the growth layer during the epitaxial growth. 25 
A region having a dopant concentration lower than 5 x 
10 16 cm' 3 may be defined as epitaxial silicon collector 
layer 3. An effective thickness of epitaxial silicon collec- 
tor layer 3 may be defined about 0.50 \im as same as in 
the first embodiment. LOCOS silicon oxide 4 is formed 30 
deeply sufficient to reach at p + buried layer 2b for isolat- 
ing epitaxial silicon collector layer 3. 
[0097] A part of n* epitaxial silicon layer 3 is heavily 
doped to form n + collector lead-out region 5 that is con- 
nected with n + buried layer 2a. Silicone oxide 6 is 35 
formed over the surfaces of epitaxial silicon collector 
layer 3, LOCOS silicon oxide 4 and n + collector lead-out 
region 5. 

[0098] First aperture 201 is formed in silicon oxide 6 
for exposing a part of silicon collector layer 3 in order to 40 
form the base. P + polysilicon base electrode 7 is formed 
selectively on silicon oxide 6. Polysilicon 7 contacts with 
silicon collector layer 3 within first aperture 201 and 
extends inwardly from an edge of first aperture 201. 
Upper and side surfaces of polysilicon base electrode 7 as 
are covered with silicon nitride 24. and a lower surface 
of a portion of polysilicon base electrode 7, that extends 
inwardly within aperture 201 , contacts with p type poly- 
crystalline layer 32. P type single crystalline intrinsic 
base layer 31 is epitaxially grown on epitaxial silicon col- so 
lector layer 3 within aperture 201. 
[0099] Within epitaxial silicon collector layer 3 located 
directly beneath the base regions 31 and 32, a region 
close to n + buried layer 2 is defined as n type silicon col- 
lector 9 that is heavily doped relative to the original ss 
impurity concentration of epitaxial silicon collector layer 
3. 

[0100] Within epitaxial silicon collector layer 3 located 
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(Erectly beneath the base regions 31 and 32, a region 
between the base and first silicon collector region 9 is 
defined as n type silicon second collector region 12 that 
is heavily doped relative to the original impurity concen- 
tration of epitaxial silicon collector layer 3. 
[0101] Silicon oxide 41 is formed on silicon oxide 24 
that covers polysilicon base electrode 7. An inner space 
within side walls of silicon oxide 41 is called aperture 
202. N + polysilicon emitter e!ectrode13 is disposed 
cfirectly intrinsic base region 31 within aperture 202. 
[01 02] N* single crystalline silicon emitter region 33 is 
formed on base region 31 by impurity diffusion from n + 
polysilicon emitter electrode 13. 
[01 03] Silicon oxide 1 5 may cover these regions. Alu- 
minum alloy emitter electrode 16a t base electrode 16b 
and collector electrode 16c contact with polysilicon 
emitter electrode 13. polysilicon base electrode 7 and 
collector lead-out region 5, respectively. 
PM 04] A method for manufacturing the semiconductor 
device according to the third embodiment will be 
descrtoed with reference to the vertical cross sectional 
views in main process steps. 
[01 05] Fig. 1 7A shows the stage just after forming sil- 
icon oxide 6 on silicon material 100 by the same proc- 
ess steps as in the first embodiment. Silicon oxide 6 has 
a thickness of about 1 00 nm within a preferable range of 
50-200 nm. 

[01 06] Fig. 1 7B is a vertical cross sectional view just 
after forming polysilicon base electrode 7 and silicon 
nitride 24. Non-doped polysilicon 7 may be deposited by 
the known LPCVD. A thickness thereof is preferably 
200-400 nm, for example, about 300 nm in this case. 
Boron may be added to polysilicon 7 by ion implanta- 
tion. Implantation conditions are, for example, accelera- 
tion energy of 10 keV and dose of 1 x 10 16 cm* 2 . Then, 
removing undesired polysilicon 7 by photolithography 
and anisotropic dry etching. Thereafter, it is covered the 
whole surface with 150 nm thick silicon nitride 24. 
[01 07] Rg. 1 8A shows the stage where aperture 201 
is opened in silicon nitride 24 and polysilicon base elec- 
trode 7 by patterning of photoresist 41 and anisotropic 
etching. 

[01 08] Rg. 1 8B is across sectional view showing the 
stage where first collector region 9 is formed by implant- 
ing of phosphorous ions. Implantation condBons are 
preferably exemplified with acceleration enenjy of 300- 
500 KeV and dose of from 1 x 10 12 cm' 2 to 5 x 10 13 cm" 
2 In this case, the implantation was performed with 
acceleration energy of 300 KeV and dose of 5 x 10 13 
cm" 2 

[01 09] Rg 1 9A is a cross sectional view showing the 
stage where photoresist 41 is removed and silicon 
nitride 24 is deposited. After depositing silicon nitride 
24, heating at 1000 °C for 2 hours in the nitrogen ambi- 
ent for recovering the damages during the implantation 
and performing the activation of the implanted phospho- 
rous. 

[0110] Rg 19B is a cross sectional view showing the 
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stage where silicon nitride 24 is etched back by a thick- 
ness just before deposited by anisotropic dry etching to 
expose silicon oxide 6. 

[01 1 1 ] Fig. 20 A is a cross sectional view showing the 
stage where silicon oxide 6 is etched laterally with an 5 
HF-based solution to expose epitaxial silicon collector 
layer 3 and a lower surface of polysfficon base electrode 
7. The size of laterally etched silicon oxide 6 for expos- 
ing polysilicon base electrode 7 is controlled at least 
larger than a thickness of intrinsic base 1 1 to be formed w 
later. 

[0112] The side etch size may also be shorter than the 
thickness of the polysilicon base electrode. In this case, 
the lower surface of polysilicon base electrode 7 was 
exposed by about 1 50 nm. 15 
[01 1 3] Fig. 20B is a cross sectional view showing the 
stage where intrinsic base 31 and polycrystalline layer 
32 for making intrinsic base 31 contact with polysilicon 
base electrode 7 are formed by selective crystal growth. 
Whereas LPCVD and gas source MBE may be 20 
employed as growth conditions, UHV/CVD is exempli- 
fied herein under a condition of a substrate temperature 
of 605 °C, Si 2 H 6 with a flow rate of 3 seem and GeH 4 
with a flow rate of 2 seem. At this time, p type polycrys- 
talline SiGe film 32 may be formed toward silicon collec- 25 
tor layer 3 that includes the collector region from the 
lower surface of the extension of polysilicon base elec- 
trode 7. Base region 31 consisting of p type single crys- 
talline SiGe alloy/single crystalline Si may be formed on 
the exposed portion of silicon collector layer 3. Polycrys- 30 
talline SiGe alloy/polycrystalline Si multi-layered film 32 
may contact with SiGe alloy/Si base region 31 as 
detailed below. 

[0114] Growing non-doped SiGe layer 31 on silicon 
collector 3 within aperture 302. The Ge concentration 35 
was about 10%. 

[01 15] If a facet may appear at this stage, it does not 
cause any problem practically. A growth thickness is 
about 25 nm. The thickness may also be controlled 
thicker by a heat treatment in the following process <o 
within a range that does not cause any defect. 
[0116] The non-doped polycrystalline SiGe film may 
also be formed on the lower surface of the p + polysilicon 
simultaneously. Heating the polyaystalline film to add 
boron at a high concentration may realize a p + polycrys- 45 
talline SiGe film. 

[01 1 7] Forming an intrinsic base on non-doped SiGe 
layer 35. The intrinsic base layer consists of two layers: 
p + SiGe layer having a gradient Ge profile; and p type Si 
layer. The Ge profile, boron concentration profile and so 
thickness thereof will be exemplified next. The layer, 
which has a concentration profile of Ge in SiGe that 
decreases from 1 0 % to 0 % linearly, has a thickness of 
40 nm. On this layer, the 30 nm thick layer not contain- 
ing Ge or consisting only of Si is present. Boron is ss 
added to both the layers at 5 x 10 18 cm" 3 . 
[0118] Fig. 21 A is a vertical cross sectional view 
showing the stage where second colector region 12 is 
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formed by implanting phosphorous ions. The implanta- 
tion condition of phosphorous is required to achieve a 
smooth connection with the phosphorous profile in first 
collector region 9. An example of the condition includes 
an acceleration energy of 200 KeV and a dose of 4 x 
10 12 cm 2 . 

[01 19] Next depositing a phosphorous-doped polysil- 
icon with a thickness of about 250 nm by LPCVD as 
same as in the first embodiment. Then, patterning the 
polysilicon by photolithography and anisotropic dry 
etch. Thus, n + polysilicon emitter electrode 13 may be 
formed. Further, heating (at 930 °C for 10 seconds, for 
example) for diffusing phosphorous from polysilicon 
emitter electrode 13 into intrinsic base region 31 to form 
n + single crystalline emitter region 33. 
[0120] Thereafter, it is covered the whole wafer with 
about 300 nm thick silicon oxide 15. Then, opening an 
aperture to reach at polysilicon emitter electrode 13, 
polysilicon base electrode 7 and collector lead-out 
region 5 by photolithography and anisotropic dry etch. 
Removing the photoresist, spattering the aluminum 
alley and patterning by photoresist and dry etch may 
complete the device shown in Fig. 16. 
[0121] A specific problem regarding the SiGe base 
may be solved as described below. Fig. 22 is a charac- 
teristic diagram showing an impurity profile in the SiGe 
base transistor according to the present invention, in 
which the transversal axis indicates depths Qim) from 
the emitter interface of the poly/single crystalline emitter 
and the longitudinal axis impurity concentrations (cm" 3 ) 
thereof. There is the emitter region with a depth of 30 
nm from the surface, into which phosphorous is diffused 
from the polysilicon emitter. In the next 40 nm region, 
the region contains boron at about 5 x 1 0 18 cm" 3 and Ge 
concentration increases monotonously from 0 % to 10 
%• 

[0122] The following 25 nm region consists of the 
SiGe alloy with a constant Ge concentration (for exam- 
ple, Ge = 10 %). Phosphorous ions are implanted at a 
concentration higher than that of boron in the region into 
a portion near the surface of this region and also into 
another portion apart from the surface of the SiGe alloy 
layer (a portion that is 95 nm apart from the most sur- 
face). 

[0123] Fig. 23 shows an impurity profile in the art 
obtained from the SiGe base transistor formed by grow- 
ing SiGe after implanting phosphorous ions previously. 
A cfifference from Fig. 22 lies in that the boron concen- 
tration is higher than the phosphorous concentration at 
a portion close to the heterointerface of SiGe/Si. 
[0124] According to the present embodiment the 
boron-doped region formed at the SiGe/Si interface can 
be completely compensated into n type with phospho- 
rous. 

[0125] The present embodiment may miniaturize the 
device relative to the second embodiment because the 
base region (including the outer base) and the emitter 
region may be determined by photolithography once. 



17 



EP0 949 665 A2 



18 



[01 26] The conventional method performs the implan- 
tation of phosphorous ions, the diffusion of phospho- 
rous from the collector region and the cancellation of 
boron at the epiatxial SiGe/Si interface. A sufficiently 
high phosphorous concentration is required in the phos- 
phorous diffusion to cancel boron. To the contrary, the 
present embodiment implants phosphorous ions with 
controlling the implantation energy in accordance with 
the interface depth and thus can reduce the phospho- 
rous concentration as low as possible. Reduction of the 
collector concentration may decrease the base-collec- 
tor junction capacitance and may further increase cut- 
off frequency f T . 

[0127] The semiconductor device according to the 
present invention has the following advantages com- 
pared to the semiconductor device in the art First 
improvement of cut-off frequency f T and reduction of 
collector-base capacitance C CB may be achieved at the 
same time. 

[0128] Fig. 7 is an impurity profile in the transistor 
according to the present invention, in which the traver- 
sal axis indicates depths (nm) from the emitter interface 
of the poly/single crystalline emitter and the longitudinal 
axis impurity concentrations (cm 3 ) thereof. In the intrin- 
sic region, the emitter consists of arsenic and has a 
depth of about 0.08 jim, the base region consists of 
boron with a concentration of 1 0 18 cm" 3 and has a depth 
of 0.08-0.15 jim, and the collector consists of phospho- 
rous with a concentration of about 2 x 10 17 cm" 3 . In the 
outer region profile, the boron concentration that is 10 19 
cm" 3 at the surface decreases to make a junction with 
phosphorous having a concentration of about 1 x 10 16 
cm" 3 at a depth of about 0.28 urn to where the outer 
base Extends. 

[0129] Fig. 8 shows an impurity profile regarding the 
transistor in the art The intrinsic region is similar to that 
in Fig. 7. In the outer region, the boron-doped outer 
base lies in a range from the surface to about 0.26 jim 
depth, and phosphorous with a concentration of 10 17 
cm" 3 is present beneath the outer base. In the conven- 
tional transistor, the impurity concentration of the collec- 
tor region directly beneath intrinsic base 11 is almost 
equal to that of the collector region adjacent to outer 
base 1 0. The impurity concentration of the intrinsic base 
1 1 clearly differs from the impurity concentration of the 
region adjacent to outer base 1 1 . Therefore, tfie transis- 
tor according to the present invention, the impurity con- 
centration of the collector region directly beneath the 
intrinsic base is almost equal to that in the art. and the 
impurity concentration of the collector region adjacent to 
the outer base is equal to the original impurity concen- 
tration of epitaxial silicon collector layer 3. 
[01 30] The above difference in the impurity concentra- 
tions may effectively reduce the capacitance. If applying 
1 V across C-B, a capacitance per unit area of the outer 
base may not differ from that of the intrinsic base, and 
the both exhibit about 1.2 x 10 5 pF/cm 2 (Nc: 2 x 10 17 
cm* 3 ). 



[01 31 ] To the contrary, according to the present inven- 
tion, the outer base capacitance per unit area is equal to 
that in the art. However, the outer base capacitance per 
unit area, about 7 x 1 0 4 pF/cm 2 (Nc: 5 x 1 0 1 6 cm" 3 ), is a 

5 half that in the art. Thus, the reduction of C CB and the 
increase of cut-off frequency f T can be achieved. 
[01 32] Second, the electric property variation due to 
the film thickness variation of the epitaxial silicon collec- 
tor layer can be reduced by the process that may 

10 increase the concentration of the n" .epitaxial silicon 
layer close to the n + buried layer. 
[01 33] This effect may be obtained from the reason 
that ions can be implanted into a deep region only 
beneath the intrinsic base and thus the effective thick- 

15 ness variation of the epitaxial layer can be absorbed by 
the phosphorous ion implantation. 
[0134] Having described preferred embodiments of 
the invention it will now become apparent to those of 
ordinary skill in the art that other embodiments incorpo- 

20 rated these concepts may be used. Accordingly, it is 
submitted that the invention should not be limited to the 
described embodiments but rather should be limited 
only by the spirit and scope of the appended claims. 

25 Claims 

1. A method for fabricating a semiconductor device 
comprising the steps of: 

30 forming a silicon material having a high con- 

centration buried layer and a low concentration 
surface region; 

forming a single layer or multi-layered film on 
the surface of said silicon material; 

35 opening an aperture in the film by means of 

photolithography and dry etch; 
implanting phosphorous ions into said silicon 
material to form a first collector region adjacent 
to said buried layer before removing the pho- 

40 toresist; 

implanting boron ions into said surface of said 
silicon material to form an intrinsic base; 
implanting phosphorous ions selectively into 
said silicon material to form a second collector 

45 region between said intrinsic base and said first 

collector region with using the film used to form 
the aperture as the mask; and 
disposing a polyalicon emitter electrode for dif- 
fusing the dopant from said polysilicon emitter 

so electrode into said intrinsic base region to form 

a single crystal emitter region. 

2. A method for fabricating a semiconductor device 
including a bipolar transistor having a base formed 

55 by epitaxial growth or ion implantation, 

said method comprising the steps of: 
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implanting ions into said collector layer to 
form a high concentration collector region 
at a location close to a buried region with 
using a photoresist used to form an aper- 
ture; 5 
forming said base region; and 
implanting ions into said collector layer to 
form a high concentration collector region 
directly beneath said base region, wherein 
said bipolar transistor has an epitaxial sili- 10 
con collector layer, a base region directly 
under an emitter defined as an intrinsic 
base and a peripheral region thereof 
defined as an outer base region. 

15 

A method for fabricating a semiconductor device 
comprising the steps of: 

forming a silicon material having a high con- 
centration buried layer and a low concentration 20 
surface regpon; 

forming a first insulating film, a polysilicon base 
electrode and a photoresist on said silicon 
material; 

patterning the photoresist; 25 
opening an aperture in said polysilicon base 
electrode and said insulating film by anisotropic 
dry etching; 

implanting phosphorous ions to form a first col- 
lector region adjacent to said buried layer; 30 
growing a boron doped silicon by non-selective 
epitaxial growth; 

forming a single crystalline intrinsic base on 
said silicon material; 

forming a pdycrystalline silicon on a region 35 

other than said intrinsic base; 

covering the surface with a second insulating 

film; 

patterning a photoresist and performing aniso- 
tropic dry etching to open an aperture on said 40 
intrinsic base; and 

implanting phosphorous ions to form a second 
collector region on said first collector region. 

A method for fabricating a semiconductor device 45 
comprising the steps of: 

forming a silicon material having a high con- 
centration buried layer and a low concentration 
surface regpon; 50 
forming a first insulating film on said silicon 
material; 

depositing a polysilicon base electrode; 
removing said undesired polysilicon by photoli- 
thography and anisotropic dry etching; 55 
covering the whole surface with a second insu- 
lating film having a different substance from 
that of said first insulating film; 



8. 



opening an aperture in said second insulating 
film and said polysilicon base electrode; 
implanting phosphorous ions to form a first col- 
lector region; 

forming a third insulating film having the same 
substance as that of said second insulating 
film; 

etching back said third insulating film by a thick- 
ness deposited just before to expose said first 
insulating film; — 
etching said first insulating film in the lateral 
direction to expose said silicon material and a 
lower surface of said polysilicon base elec- 
trode; 

forming an intrinsic base and a polycrystalline 
outer base for connecting said intrinsic base 
with said polysilicon base electrode by selec- 
tive crystal growth; and 

implanting phosphorous ions to form a second 
collector region. 

A method for fabricating a semiconductor device 
according to claim 4, 

wherein said base region comprises a single 
crystalline SiGe alloy film or a multi-layered film 
consisting of a single crystalline SiGe alloy and a 
single crystalline Si. 

A method for fabricating a semiconductor device 
according to claim 4 or 5 further comprising the 
steps of: 

forming a side wall consisting of a fourth insu- 
lating film in said aperture; 
forming polysilicon emitter electrode; and 
forming a single emitter region with an impurity 
diffused into said intrinsic base region. 

A method for fabricating a semiconductor device 
according to claim 2 or 3 further comprising the 
steps of: 

forming a polysilicon base electrode on said 
intrinsic base; and heating for drive-in diffusion 
to form a single crystal fine emitter. 

A semiconductor device fabricated by the method 
as claimed in any of claims 1 to 7. 
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